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1:3 “MIXED” POLYNTROETMYL I-I 
ORTHOCXRBOSATES FROM I 

fi TRIS(2-FLUORO-2,2-DI~!lITR~ET~~SY)~~ETEIL -CHz-C- 
\ / 

CH:, 

TRICHLOROMETHYL DISULFIDE 5 0 

BACKGROUYD OF THE INL’ENTION These orthocarbonates are prepared by the foiloGng 

This invention relates to organic orthocarbonates and reaction sequence: 
more panicularly, to organic polynitroorthocarbonate. 10 

In the earlv 1950’s, l&I, E. Hill and co-workers at the s wep U m 
Naval Ordnance Laboratory, found that certain nitro- 
alcohols would riact with carbon tetrachloride in the 

II 
Cl-C-Cl A 3 CF(NCQCH=OW - ClSCClj 

symmetrical orthocarbonates. (e.g., See US, Pat. No. [CF(NO~)~CH~OJ:,CCl A C!SCCI; (step 5-b 
3,306,939. entitled “Orthoesters of 2,2.2-Trinitroe- 
thanol,” which issued to Marion E. Hill, on Feb* 28, 

\1 
ROH 

1967.) However, the reaction is of very limited syn- 
thetic value for energetic orthocarbonates as only three 25 

[CF(N0~j2CH~rQ]3C-OOR 
nitroalcohols (2-fluoro-2,2-dinitroethanol, 2,2,2-ttitro- 
ethanol and 2,2dinirropropane- 1,3diol) have been suc- wherein R is as defined above. 
cessfully used. With other nitroalcohols side reactions The in&mediate [CF(NU&CW:~~;CSSCC~J may 
predominate and the principal product is the carbonate. 
Another drawback tc I-U’s method is that only symw 

30 also be prepared by the following reaction: 

metrical and no ‘*mixed” orthocarbonates cm be pre- 
pared. Heretofore no method has been available for the [CF(NO~);CH70J$Z=S + CF(N0~)~CH:OW - CISCCI:, 

synthesis of 1:3 “mixed” orthocarbonates. 
35 

\1 

S&H 

P+ 
WMMARY OF THE INVENTION 

Accordingly. an object of this invention is to provide ICF(NO~~~C~20jtCSSCC!!. 

novel organic compounds. 
Another object of this invention is to provide new The onhoformates of this invention are useful as explo- 

high energy, high density explosive rnaterkls. 40 sives and as energetic additives to explosives and pro- 
A further object of this invention is to provide new pellants. 

melt cast-able explosives. 
Yet another object of this invention is to provide new 

intermediates for the preparation of novel explosive 

DETAILED DESCRIPTI0X OF THE 
PREFERRED EMBODIMEXT 

compounds. 1:3 “mixed” orthocarbonates of the formula 
.4 still funher object of the invention is to provide 

new high energy plastkizers, [CFPQ)~CH@J>C-OR 

Another object of this invention is to provide a new 
method of synthesizing novel explosives compounds. 50 are produced by reaction of one mole of rrk(?.-fluoro- 

These and other ubjects of this invention are accom- 2.2.dinitroethyt)chloroorthoformale. 
piished by providing a 1:3 mixed orthocarbonate of the 
formula ~fFPiu~)~CH~0]:.CC!* 

” with one mole of an alcohol of the formula ROH 
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The rris(2-fluoro-2,2-dinirroeth~~)ch~oroorthoformate. 
[CF(NO:)~CH:0]3C-Cl (I), is formed by the reaction of 
tris(2-fluoro-2.2~initroethoxy)methyl trkhloromethyl 
disdfide, [CF(NO~)$ZH20]3CSSCl3, with chlorine ‘gas. 
The chloroorthoformate (I) can be isolated but since it 
is very reactive with moisture equaily good or better 
results are usually obtained if it is treated in situ with the 
specific alcohol to produce the desired 1:3 tied onho- 
carbonate. Examples 4 through 14 tilustrate the condi- 
tions suitable for this step. In particular, 1,2-dichloroe- 
thane as a solvent and a reaction temperature of from 
60” to 70” C. are preferred. 

4 
phonium Salts,” Journal of the American Chemicai 
Society. Volume 93: 1. Jan. 13. 1971, pages 195-199, and 
by Echehard V. Dehmlow, “Phase-Transfer Catalyzed 
Two-Phase Reactions in PreparskJe Organic Chemis- 
try,“ Anew, Chem. internat Edit. dume 13 
(19iS)& 3, Pages 170-178. adapted in Chemtzch, 
April i 975, pa&2 10-Z 18. 

Di[trisjt-fluoro- 2Ldinitroethoxy)methyl3disulfide 
may be used in place of tris(2-fluoro-2,2-dinitroethoxyj- 
methyl trichloromerhyl disulfide in the above proce- 
dure for preparing tris(2-fluoro-2,2=dinitroethyl)- 
chlordorhoformare. One mole of di[tris(2-f’luoro-2.2- 
dinitroethoxv)merhvl]disulfide reacts with the chloride 
gas to form’2 moi& of the chloroorthoformate under 
the conditions g&n above. The disulfide is prepared by 
the procedure given in Example 3. 
. If the alcohol @WEF) to be reacted with the’ 
[CF(NQ)~CH:@JCC~ is stable to chlorinatiun, the 
chlorine gas may be fed info a mixture of alcohol and 
[CF(NO&CHtU]3CSSC13 (see examples 4 through 13). 
AS [CF(NU~)~CH~O]3CCl is formed it can react with 
the alcohol. However, if the alcohol can react with 
chlorine, it may be added after the chloroformate has 
formed and the excess chlorine is removed and then 
reacted (see examples 12 through 14). 

Example 1 illustrates the method of forming 
[CF(NO!)ICH~U]:CSSCC~~ by reacting 2-fluoro-2,2- 
dinitroethanol. thi&hosgene, and perchloromethylmer- 
captan in a 311: 1 mblar ratio in the presence of a base. 
Example 2 illustrates ~II alternative method of prepar- 
ing [CF(N~2)2CH~~]3CSSCC13 frUtTl bis(24uoro-2,2- 
dinitroerhyl thionocarbonate, 24uoro-2,2-dinitroe- 
thanol, and perc~~oromethylmercapran in a 1:1:1 molar 
ratio in the presence of a base. In both instances a suit- 
able inen solvent such as dichloromethane, 1.3 
dichloroethane, or 1. I.?trichloroethane may be used. A 
reaction temperature in the range of from - 5’ C. to 5” 
C. is preferred Grh 0’ C. to 5” C. being more preferred. 
Also in both cases the base used is preferably a strong 
hydroxyl ion source such as aqueous KQM or NaOH. 
The base is added siowlv al a rate such that the pH of 
the reaction mixture do& not exceed 8. T”nis is done to 
avoid the hydroi ysis of thionocarbonates to carbonates 
which occurs in stron& basic solutions, Finally, a 
phase transfer cataiysr is preferably used to speed up the 
reaction rate in both the above procedures. 

Phase transfer catalvsts such as benzvltriethvlam- 
monium ChlOtiCk. t&rabutylammoniuA chlbride. 
didodec~ldimeth~iammonium bromide. or cetyltrime- 
thk*iammonium chioride may be used. The phase trans- 
kr catalyst is not consumed by the reaction: therefore 
only a small amcwn. a few moIe percent. of tile phase 
transfer catalj,sI is required. 

Good discussions on the use of phase transfer c313- 
lysts are presented by Charles WI. Starks. “Phase Trans- 
fer Caralysts. I. Heterogeneous Reactions InvoLng 
Anion Transfer by Quaternary Ammonium and Phos- 

The two procedures above for making tris(2Jluoro- 
2,2-dinitroethoxy)methyl trkhloromethyl disulfide may 
be modified by substituting the 2-fiuoro-2.2dinitroethvi 
ester of trichloromethylsulfenic acid, CF(NO~)~& 
H2OSCCl3, for perchloromethylmercaptan. A proce- 
dure for making the ester is given in Example 15. 

The bis(2-fluoro-2,2-dinitroethyl)thionocubonate 
stminp material may be produced by the method ciis- 
closed in U.S. Par. ,Yo. 4,172,0SS, entitled “Bis(Muoro- 
2,2=dinitroethyl)thionocarbonate and a Method of Prep- 
aration,” which was issued to Angres et al on Oct. 23, 
1979, herein incorporated by reference. 

To more clearlv illustrate this invention. the follow- I 
ing examples are presented. It should be understood, 
however, that these examples are presented merely as a 
means of illustration and are not intended to limit the 
scope of the invention in anyway. 

EXAMPLE I 

Tris(2-fluoro-2,Ldinitroethoxy)methyl trichloromethyl 
disuifide (III) from thiophosgene 

[CF(N02)2CH20]:CSSCCl~ 

A well-stirred mixture of 40 p (0.26 mol) of Muoro- 
2 Winitroethanol in 110 ml of methvlene chloride and 2 l - 

,e of tetrabutyl ammonium chloride* in 100 ml of water 
was cooled in an ice-salt bath 10 0” C. A solution of 6.60 
g (0.05 mol) of 85% thiophosgene [from Aldrich Chem- 
ica3 Co.; contains 15% carbun tetrachloride] and 12.1 g 
(0.065 17101) of perchloromethy~mercaptan in 30 m3 of 
methylene chloride was added all at once followed by 
the dropwise addition of Il.2 ml of 50% aqueous so- 
dium hydroxide keeping the temperature at 0” to 4” C. 
The reaction solution was then stirred at 0’ C. for 40 
minutes keeping it slightly basic by the occasional addi- 
tion of a few drops of 50% sodium hydroxide. The 
merhylene chloride layer US separated, dried 
(M~SOJ), and the volatiles were removed to give 45.8 g 
of an oily residue which was dissoived in 60 ml of chlo- 
roform. Cooling to -20" C. gave 1.55 g (6%) of di[- 
t&(2-fluoro-2,2-dinitroethoxy)methyl]disulfide (XVT). 
Hexane was added to the chloroform mother liquor 
until it began to cioud at room temperature. It was then 
treated with charcoal and filtered through a silica se1 
pad (30 g silica gel 60; pad is 2.5 inch diameter and I 
inch deep). The pad tias washed with 4~ 50 ml of chlo- 
reform-hexzne (d.- ?J)* .4dditional hexane was added to 
the filtrate i,to give 350 ml total LrolurneJ which was then 
cooled in dry ice-acetone 10 give 23.0 g (70%) of white 
solid. mp Y-, 3” C. Recrystallization by dissolving in 
50 ml chloroform. addine 75 mi hexane and cooling to 
- 20: gave 21.2 e (65%~,. mp 55’3;” (-,: jj- 
NMR(CDC!~)h l.H(cd): mass spectrcrn K.L,k mie _TCi, 
471. 
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EXAMPLE 2 
Tris(2-nuo~o-2.2-dinitroethox~)~ethy~ trichloromethyl 

disulfide (III) from 

A solution of 17.5 g (0.05 mol) of bis(2-fluoro-2,2- 
dinitroethyl)rhionocarbonate, 17.7 g (0.115 mol) of 21 
fluoroa2,2-dinitroeth~ol and 12.1 g (0.065 mol) of per- 
chloromethyimercaptan in 110 ,ml of methykne chlo- 
lide was stirred vigorously in an ice-salt bath, A solu- 
tion of 2 g of tetrabutylamrnonium chloride in 75 ml of 
water was added followed by the dropwisc addition of 
6 ml of 50% aqueous sodium hydroxide with cooling at 
2’ to 5” C. The reaction solution was kept slightly basic 
at 0” C. for 20 minutes by occasional addition of a few 
drops of 50% sodium hydroxide. Workup (same as in 
above experiment) gave 2.79 g (1 I %) of cii[tris(Z-fluoro- 
2,2-dinitroethoxy)methyl]disulfide (XVI) and 28.3 g 
(S6%) of tris(2-fluoro-2.2.dinitroethoxy)methvl trichlo- 
romethyl disulfide (III), mp 52’-55’ C. Rec&~alliza- 
tion gave 26.05 g (go%), mp W-57” C. 

A similar mn starzing with 42 g (O-12 mo!) of the 
thionocarbonate, 22.4 g (0.12 mol) of perchloromethyl- 
mercaptan and 24 g (0.156 mol) of fluorodinitroethanoi 
gave 8.4 g (14%) of di[tris(2-fluoro-2,Mititroethoxy)- 
methylldisulfide (XVI) and 55.0 g (70%) of tris(2- 
fluoro-2,~dinitroethoxv)methyl trichloromethyl disul- 
fide (III), mp 55’-57’ i=. 

EXAMPLE 3 
Di[tris(2-fluora-2,2-dinirroethoxy)methvl]disul~de 

(XVI) - 

[(CF(N02)~CH10]_:CSSC[~C~~CF(~Q~)~]3 
,p A solution of 1.96 g (0.003 mol) of tris(2-fluoro-2.2- 

dinitroethoxy)mechyl trichloromethyl disulfide. 1.05 g 
(0.003 mol) of bis(2-nuoro-2,2-dinitroethyl)thionocar- 
bocate and 0.6 e (0.004 mol) of 2-fluaro-2.2-dinitroe- 
than01 in IQ ml Gf methylene chloride was cooled in an 
ice-bath, Tetrabutyl ammonium chloride (0.3 ,e) in 6 ml 
of water was added followed by the dropwise addition 
of 0.40 g of 50% sodium hydroxide (diluted with 2 ml of 
water) with the temperature at 0’ to 3’ C. The methy- 
lene chloride laver contained solid precipitate which 
dissoived upon -warming. Removal of the methylcne 
chlotide gave a residue which was stirred with 15 ml of 
chloroform and then cooled to -20’ C. to _eive 1.a _e 
(48%) of white solid, mp 130”~133” C. Recrystallization 
from acetone-chloroform gave mp l34’-135” C.: 

H-NMR[(CD_t):C=O]: 6530(d); mass spectrum 
(C.I.) m/e 471. 

Anal. Calcd. for C1tiizN1tF6S2UjO; C 16.71: K 1.20; 
3, 16.70; F, 11.33. S. 6. 37. Found: C? 16.54: H. 1.15; X, 
16.13; F, N.43; S, 6.14. 

EXAMPLE 4 
TtiStMUOrO-2.2 -dinitroerhyl)chloroonhofurmarerI) 

[CF(Y02)zCH20]>CCl 
.A solution of 1.0 ,e of di[trisQ-fiuoro-X-dinitroe- 

thox~)meth~l!disul~de. cXV1) in 4 ml of dr>* 1.2- 
dichioroctrhne and 3 ml of dry aceromrriie was rreared 
with dry chlorine gas for Z hours at ambient tempera- 
rure. T’ne t;oiariies were removed with a stream of nitro- 
*p- -qd rmr!e =‘“a -1 hezring tu give an oil which cq’stallized 

PSI in the ref>gerator overnight. Recrystallization from dq 
benzene-hexane ga\+e crystals. mp W-X” C. The crys- 

6 
tals are very hygroscopic, rurniq rapidly to a liquid if 
exposed to moist air. Elemental analysis showed thr 
crystals contained no sulfur but the sensitkity of the 
crystals to moisture prevented a satisfactory analysis for 
other elements+ TLC (toluene 3s developer) showed 
only bis(2-fluoro-2,2-djnitroe~h~*~~carbonale and 2- 
fluoro-2,2-dinitroethanoi, the expected products of hv- 
drolysis of the chloroorthoformate (I) on the TL’C 
plate. 

T&(2-fluoro-2.2-dinitroethyl)chloroorthoformate (I) 
can also be prepared by chlorinatiq tris(2-fluoro-2,2- 
dinitroethoxy)methyl trkhloromethyldisulfide (III) at 
60’ C. in dichloroethane for 2 hours. The volatiles are 
removed with a stream of niyrogen and the per- 
chloromethylmercaptan byproduct is washed away 
with hexane leaving t&(2-fluoro-2.2-dinitroethyl), 
chloroonhoformate (I) behind as a white soiid. 

EXAMPLE 5 
Tris(2-fluoro-2,2-dinitroeth~?I)(2,2,2-tri 

carbon& (V?) 
I 

[CF(N02)~CH~O]~C-O-C~~C~~~~)~! 

A solution of 2.58 g (000142 mol) of 2,2,Strinirroe- 
than01 and 4.64 8 (0.0071 mol) of trisi2-fluoro-2,2-dini- 
rroethoxy)methyl trichloromethyl disulfide in 10 ml of 
1,2-dichloroethane was treated with chlorine gas at 
6U”-70” C fur 2.5 hours. The solution was concenkated 
(approximately 5 ml of solvent was removed with a 
stream of nitrogen) and held ar 6670” C. for 72 hours. 
The cooled reaction mixture was diluted with hexane 
and the product was washed with water to give 4.16 g 
of solid, mp 105*-l 15” C. Crystallization from chloro- 
form gave 3.73 g (Sl%), mp 11%118” C.; figNMR 
(CDCIJ): 8 7.25(s), 4.69(d)+ 

Anal. calcd for C9HsN9F30:3 C. 16.60. H, 1.24; X 
19.36; F, 8.75. Found: C, 16.78; K 1.16; N. 19.25; F, 
8.93. 

EUMPLE 6 

Tris(2-fluoro-2 ,X,2-dinitroethyl~(2&dinirropropyl)or- 
thocarbonate kI1) 

[CF(~~2)2CH20]3C-0-CHICIN02)2C13;, 
.A solution of 4.2 g (0.028 mol) of 2.2-dinirropropanol 

and 6.53 g (0.0 1 mol) of tris(2-fluoro-~.t-dinitroethox~~~g 
methyl trichloromethyl disulfide in 10 ml of dr>* 1.L 
dichloroethane was treated with chlorine gas at 60*-W 
C. for 2 hours. The solution was heated at 60*-W C. for 
an additional 21 hours before the solvent was remuveti 
and the residue washed with hexane and water. The 
solid obtained was crystallized from chloroform to give 
5.80 g (93%), mp 1 W-1 17.5’ C.; H-XMRCCDCI:,): 6 
3.66(d), 4.38(s), 2.22(s); IR(KBr): 1605, shoulder at 
1580cNU:)cm - I. 

Anal. calcd. for C 1oI-I 1 t&F:&: C. 19.36: W, 1.79; N, 
18.07; F, 9.19. Found: C, 19.41: H. 1, .S2: 5. 18.03: F. 
9.39. 

Trisf2-fluoro-ti.- 3 ‘-dinilroeth~l~(2-ni~roet~~,l)o:thocar- 
bonate &X11. 

[CF!~O~!~CH~O]~C-@--CH~CEI:SU~ 
A solution of 4.57 & (0.007 *iTlo!) of tns(2-:horo-2.2- 

dinitroethoxy)methyl trichloromerh>*l disuifide and 
0.76 g (00084 mol) of 2-nitrosthanoi in 15 ml of dry 
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1,Ldichloroethane was treated with chlorine gas at 
W-65” C. for z! hours. The reaction solution was held 
at 60”~65” C. for an additional 5 hours before the vola- 
tiles were removed and the residue was washed with 
hexane and then with \vater to give 3% g (9S%), mp 5 
85”~58” C. CrysrdIization from chloroform yielded 3.59 
g (91%), mp ts9=9i O C.; H-NMR(CD:Q): 6 4.i4 (d), 
4.6 1 -t-57(m), 4.18-1.1 I(m); IR(KBr): 1605, 
156o(NO~)Crn - 1. 

Anal, cakd. for C$-I~olC’:F#~8: C, 19.26, I-I, 1.80; Y, 10 
17.47; F, 10.16. Found: C, 19.35; W, 1.83; N, 17.10; F, 
9.98. 

65” C. was continued for 22 hours at which time the 
solvent was removed and the oily residue was washed 
with 2X 30 ml of hexane. Thin layer chromatography 
indicated the product was a mixture of the ,mono-(,X1) 
and the his-orthocarbonate (XII). The mono-orthoc3r- 
bonate (XI) was isolated by column chromstograph! 
(silica eel 60, methylene chlotide-ethyl acetate (90: 10) 
as elienr) as a viscous gummi oil; H-TWR 
[(CD3)2C =O]: 8 5.20 (d), 4.96 (s), 4.83 (s), 4.68 (s), 4.55 
(s), 4.54 (s). IR (film on NaC3 plate) 3600 (OH), 1600 
(NO2) cm- 1* 

E,UMPLE 8 
EXAMPLE i 1 

5,5,5,Trk(2-fluoro-2.t-dinitroethoxy)~2,2=dinitro4 15 
oxapentanol (IX) 

[CF(?r’02)~CH20f!C-O-CH2C(N02)2CH20H 
Chlorine gas was passed into a solution of 6,53 g (0.01 

mo1) of tris(Mluoro- 2.2-dinitroethoxy)methyl trkhlo- 20 
romethyl &sulfide and I.83 g (0.011 rnoi) of 2.2-dinitxo- 
propane- I&Go1 in 20 ml of dry 1,2-dichloroethane ar 
60”-65” C. for two hours. Heating at 60”-65” C. was 
conrinued for five hours before the volatiles were re- 
moved with a stream of nitrogen and the residual oil 25 
was washed with 2~ 10 ml of hexane. Addition of 20 ml 
of chloroform gave 5.90 g of solid (mp 71V5’ C.) 
which was stirred with 30 ml of water to yield 5.66 g (89 
percent), mp 7A78 C. Crvstilization from dichloroe- 
thane-chloroform gave 4.42 g, mp 79’42” C.; H-NMR 
(CDzC12): S 4.74 (d), 4.58 (s), 4.52 (s). IR (C&Cl2 S&I- - 30 

1, I, 1 F 13,13! 13-Hexakk(2-fluoro~2,2-dinirroethoxy)- 
4,4,1O,lWetranitro-2,6,8,12-tetraoxatridecane (XII) 

[CF(~O~)~CH~0]3C-U-C~~C(N0112CHIOCH- 
~~CW~C(NO~)~CHZOC[OCH~CF(~~~)~~~ 

A solution of I.72 g (0.005 mol) of X,8,8-tetranitro- 
4,6-dioxanonane-1,9-dial and 7.19 g (0.01 I mol) of 
tris(2-fluoro-2,Sdinitroethoxy)methyl trichloromethyl 
disulfide in 20 ml of drv 1,2-dichIoroethane was treated 
with chlorine gas at 6? C. for 2.5 hours and then held 
at 65’ C. for a total of 30 hours. Most of the solvent was 
removed with a stream of nitrogen and the residue was 
washed with chloroform to @ve 6,lS g (96 percent) of 
a viscous oil. The product was dissolved in methylene 
chlotide and chlorofom was added to ave a gum-like 
material (5.07 g, 79 percent) which thin-layer chroma- 
tography (TLC) showed to be essentially pure; H-NMR 
[(CD3)2C=o]: 5.20 (d, ‘I2H), 4.98 (s, 2H), 4.81 (s, 4H), 
4.67 (s, 4m; IR (film on NaCl plate): no OII absorption? 
1600 (N02) cm-l. 

tion): 2590 (OH), 1605, 1580 (IQ) cm-l. 
Anal. calculated for CloHllNgF3021: C, 18.88; H, 

1.74; Y. 17.61; F, 8.96. Found: C, 18.84; H, 1.73; N, 
17.36; F, 9.20. 

EXAMPLE 9 
1. 1, 1,7,7,7-Hexakis(2-fluoroo2,2ldinitroeThoxy)-~,~dini- 

tro=2&dioxaheptane (X) 
[CF(N~~)~CH~0]3C-O-CH2C(N01)2CH20C- 

W&WN~2)713 

A solution of 6.53 g (0.01 mo1) of tris(2-fluoro-2& 
dinirroethoxy)methyI trichforomerhyl disulfide and 
0.83 g jO.oOS mol) of ZZdinitropropane-Wdiol in 20 
ml of dp 1,2-dichloroethane was chlorinated for 2,5 
hours at 60*-W C. Heating at 60”~65” C. was continued 
for four davs at which rime solvent was removed wirh 
a stream of nitrogen until solid began to precipitate 
from the warm solution. Cooline in ice gave 3.48 g (63 
percent) of a solid (mp 132’-134” C.) which was recrys- 
tallized from dichloroethane to eive mp 133’-134.5” C.: 
W-XMR [(CDgzC-Of: 6 5.17 Id), 4.92 (s); IR (KBr): 
no 0H absorprion; 1610, 1580 W02) cm- I. 

Anal- calculated for C 1 tH &JF&J~: C, 18.45; H, 
1A: x, 17.72; F, 10.20. Found; C, 18.47; H. i A; Y, 
17.62, F. 10.19. 

Chionne Sas was passed into a solution of 3.76 g 
(0.011 l-rmil or‘ -.I. 1 T s.~-tcrranitro-4.6-dioxanonane- i ,9- 
dial and 6.53 g (0.0 f mol) of rris!2-fluoro~~~2-din~troe- 
1hoxy)methyl t, rL --hloromethyl disulfide in 20 ml of dr) 
I,:-dichloroerhane 31 65” C. for two hours. Heating 31 

EXAMPLE 12 

Tris(2-fluoro-2,2-dinitroethyl)(2.2.2-trifluoroethvl)or- I 
thocarbonate (XIII) 

[CF(NQ~)tCHr0]3C-O-CH1,CF=, 

A solution of 6.5 g (0.01 mol) of tris(2-nuoro-2,2-dini- 
troethoxy)methyl trichloromethyl disulfide in 20 ml of 
dry 1,2 dichloroethane was treated with chlorine gas for 
five hours at ambient temperature. 2,2&trifluoroe- 
than01 (5 ml) was added and the solution was heated af 
reflux temperature for one hour before the solvent was 
removed and the residue was washed with hexane to 
give 5.57 g (98 percent), mp 5%58” C. Recrystalliza- 
tion from chlorofornr gave 5.02 g, mp 57’~59” C.; 
HIXMR (CDCI:,): 6 4.75 (d), 3.99 (q)e 

Anal. calculated for CoH&F& 6: C, 18.96: I-I. 1.4 1: 
N, 14.74; F, 19.99. Found: C. 19.05: fl. 1.51: Y. 14.50: F. 
19.66 

EXAMPLE 13 
Tris(2-fluoro-2.2-dinitraeth~l~~eth~l~o~hocabonate 

(XIV) 

[CFiN01)2CH20];C-O-CH2CIi3 
Tris(Muoro-2,2-dinitroethoxv jmethvl trichloro- 

merhyi disulfide (6.53 g, G.01 m& in 2-0 ml of dry i .2- 
dichloroethane was treated wit’n chlorine zas for five 
hours + at ambient temperature. The reaction soiurion 
was then gentle heated as 3 ztrex~ of nitrogen LG.Z 
passed o& it td remove excess chlorine snd about 5 ml 
of solvent. .\nhydrous ethanol XI.65 tnl) was added and 
the saLtion was heated to retlu?r for one minute before 
most of the solvent was quickI>* removed with a stream 
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of nitrogen. The oily residue was washed with 2 >i 30 ml the methylene chloride layer and remwal of the soIwnt 
of hexanes, then was d&d in a vacuum dessicator to gave 8.2 g of an oil which \i;as exrracred with 2 ~40 ml 
give 4.55 g (88 percent) of an oil. Gas-liquid chromatog- of hexane. The combined extracts lt*ere passed throqh 

p* 
raphy (GLC)anaIysis showed only one peak. HXMR a silica gel 60 pad and the pad was washed with hen- 
(CDClj): 6 4.66 (d), 3.67 (q), L24 (1). 5 zene. Removal of solvent gave 5.9 0 (65 percenr) of an 

,AnaI. calculated for C?H 1 &F;O Iti: C, 20.94; H, oil \vhich was essentially pure by TLC and GtC analy- 
2.15; N, 16.28; F, 11.04. Found: C, 20.73; W, 1.99: X, sis; H-NMR (CDCI1;): 6 5. 37 (d); m3ss spectrum (Cl.): 
16.04; F, 10.81. m/e 304, 302, 267, 269. 

EXAMPLE 14 

Tris(2-fiuoro- 2,2-dinitroethyl)2,3qoxypropyl 
onhocarbonate (X\? 

H 

Anal. calculated for C$I2N2CI;FSO_c: C, 11.87; H, 
I0 0.66; N, 9.23; Cl, 35.05; F, 6.26; -S. 10.56, Found: C, 

11.85; H, 0.70; N, 9.05; Cl, 34.90; F, 6.14; S, 10.58. 
To those skilled in the art. manv modifications and 

variations of the present invktion -are possible in light 
of the above teachings. It is therefore ro be under&d 

-0 

15 that the present invention can be practiced otherwise 
than as specifically described herein and still be within 
the spirit and scope of the append& claims. 

What is claimed is: 
Chlorine gas was passed into a solution of 6.53 g (0.01 1. .4n onhocarbonate of the formula 

mol) of tris(t-fluoro-2,2-dinitroethoxy)methyl trichlo- 20 
romethyl disulfide in 20 ml of dry 1,2-dichloroethane at [CF(YO+CH~O];COR 1m a 
60” fur two hours. After an additional two hours at 60’ 
the solvent was removed with a stream of nitrogen. The wherein R is selected from the group consisting of 
oily residue was stirred with hexane to give a solid -cHg(N02)3, 
which was washed twice with hexane before it was 25 -CH$(N02)2CH3, 
dissolved in 30 ml of dry dichlorethane, The solution --CH$x2N03 
was heated to 50” C. and 3 ml of 2,3-epoxy-l-propano1 -CHQN02)~CH2UH, 
(glycidol) was added in one portion all at once. (The -CH2C(N02)2CH20C[OCH;CF(SO~)~]~, 
reaction solution was strongly purged with a stream of -c~~C(N0~)~CH~0c~~0c~~c~~~)~c~~~~~ 
nitrogen to remove evolved hydrogen chIaride and 30 -C~~C(~0~)~CH~0CW~OCH~C(~0~)~CH~OC~ 
prevent its reaction with the epoxide). After approxi- [=HiCWWd3r 
mate& 15 minutes the solvent was removed and the -C&CFj, and 
residue was extracted with 2~ SO ml of water to sive -CH$H3. 
5.48 g of oil which was dissolved in 20 ml of chloro- 2. The orthocarbonate of claim f which is tris(2- 
form, Hexant (6 ml) was added to the cloud point and 55 fluorog2,2-dinitroethyl)(2.2,2-trinitroeth~~l)orthocar~ . 

I- the solution was filtered through a silica gel 60 pad and bonat e. 
the pad was washed with methylene chloride. Removal 3. The onhocarbonate of claim 1 which is tris(2- 
of the solvent followed by crq’stallization from chloro- fluoroe2,2dinitroethyl)(2.2-dinitropropLl)o~hocarbon- 
form-hexane gave 4.4 g (8 1 percent), mp 51So-53o C. ace- 

H-X?/iR (CDC13): 8 4.71 (d), 4.00 (m), 3.38 (m), 3.33 a 4. 77~ orthocarbonate of claim 1 which is t&2- 
(m), 2.89 (m), 2.63 (RI). fluoro-2,2-dinitroeth~~)~2o~troeth~lj~~h~carbonate. 

Anal. calculated for C IOH 11N6F301:: C1 22.07; II, 5, The orthocarbonate of claim 1 which is 5,5,5-tris(2m 
2.04; N, 15.44; F, 10.47. Found; C, 22.06; H, 2.05; !$ fluoro-2,2-dinitroethoxv)-2,2-dititro+uxapentanolm 
15.27: F, lO.S2 6. The orthocarbonaie of claim 1 which is 1,1, I ,T7,7- , . 

EXA,MPLE 15 
45 hexakis(2-fluoro-2,2-dinitroethoxy)l.3-dinitroW2,6- 

dioxaheptane. 
TrichloromethvisuIfenic acid? 2-fluoro-2Jdinitroetfiyl 

l 

ester 0CVTITI 
7. The orthocarbonate of claim 1 which is Il.1 1.1 l- 

tris(2-fluoro-2.2-dinitroethoxy)-2.~.~.~-tetranitro~,6. IC- 
rrioxaundecanol. 

50 8. The onhocarbonate of ciaim 1 which is 
Perchioromerhvlmercaptan (5.6 g, 0.03 mol) and 29 

fluoro-2.2dinitroethanol (5.0 s, 0.033 mol) in 30 ml of 
1.1.1.13? 13,13-hexakis&fIuoro=2&dinitroethox>=J- 
U.10. I O-tetranitro- 2.6.8, ‘,2-tetraoxatridecane. 

methylene chloride was combined with 0.3 g of tetrabu- 9. The orthocarbonate of claim 1 which is tris(2- 
tyl ammonium chlotide in 20 ml of urater and the vigor- fluoro-2,2-dinitroeth~~)(2.1.2-trifluoroe~h~l)orthocar- 
OUS~Y stirred mixture was cooled in an ice-salt bath. -4 55 bonatg. 
solution obtained by diluring 2.6 g of 50 percent aque- 10. The orthocarbonate of claim 1 which is 1risc2- 
QUS sodium hydroxide with 5 ml of water was added fluoro-2,2-dinitroethvl)(ethvl)orThocarbunale. I s 
dropwise keeping the temperature at 0” C. Separation of * t * l * 

60 


